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(57) ABSTRACT 

Mixtures comprising linear block copolymers composed of 
Vinylaromatic monomers and dienes of the structure (I) 
Sl-Bl-S2 and (II) B2-S3, Where S1 is a block composed of 
Vinylaromatic monomers Whose number-average molar mass 
Mn is in the range from 40 000 to 100 000 g/mol, each of S2 
and S3 is a block composed of Vinylaromatic monomers 
Whose number-average molar mass M” is in the range from 
5000 to 20 000 g/mol, each of B l and B2 is one or more blocks 
composed of dienes or is copolymer blocks composed of 
dienes and Vinylaromatic monomers Whose number-average 
molar mass Mn is in the range from 15 000 to 100 000 g/mol, 
and the ratio of block copolymers (I)/ (II) is in the range from 
0.5 to 10, and their use for impact-modi?cation of blends 
using polystyrene. 

20 Claims, No Drawings 
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TRANSPARENT MIXTURES OF LINEAR 
STYRENE-BUTADIENE BLOCK 

COPOLYMERS 

The invention relates to mixtures comprising linear block 
copolymers composed of vinylaromatic monomers and 
dienes ofthe structure (I) SI-BI-S2 and (II) B2-S3, Where S1 is 
a block composed of vinylaromatic monomers Whose num 
ber-average molar mass Mn is in the range from 40 000 to 100 
000 g/mol, each of S2 and S3 is a block composed of viny 
laromatic monomers Whose number-average molar mass Mn 
is in the range from 5000 to 20 000 g/mol, each of B l and B2 
is a block composed of dienes or is a copolymer block com 
posed of dienes and of vinylaromatic monomers Whose num 
ber-average molar mass Mn is in the range from 15 000 to 100 
000 g/mol, and the ratio of the block copolymers (l)/(ll) is in 
the range from 0.5 to 10. The invention further relates to 
processes for preparation of the mixtures and to their partial 
or complete hydrogenation. 

Tough, transparent materials based on anionic polymer 
iZed styrene-butadiene block copolymers are knoWn and are 
established in the market for extrusion applications and inj ec 
tion molding applications. The block copolymers may have a 
linear or star-shaped structure. The star-shaped block copoly 
mers, generally prepared via coupling, are achieved an asym 
metrical structure via double or multiple initiation. 

Linear styrene-butadiene block copolymers are generally 
initiated only once. An asymmetrical structure can be 
achieved via an appropriate monomer sequence. A long, 
external styrene block brings about a degree of compatibility 
of the block copolymer With standard polystyrene. These 
block copolymers can therefore be blended, in order to 
increase stiffness, With less expensive standard polystyrene in 
amounts of from 10 to 70% by Weight, based on the blend. 
Depending on the amount of polystyrene, transparency 
decreases and at the same time haZe arises. Optical properties 
are generally disadvantageous in particular in the economi 
cally attractive mixtures using about 60% by Weight of stan 
dard polystyrene. 
A Wide variety of structures is knoWn for styrene-butadiene 

block copolymers and mixtures With polystyrene. The block 
copolymers may be linear or have star-shaped branching, and 
may have blocks of identical or different molar masses, the 
result being symmetrical and asymmetrical structures. The 
butadiene-containing blocks may also comprise styrene. 
BetWeen the individual blocks, sharp or tapered transitions 
can occur. An example of an overvieW of styrene-butadiene 
block copolymers is found in Kunststoff Handbuch [Plastics 
Handbook], vol. 4, Polystyrol [Polystyrene], Carl Hanser 
Verlag Munich, Vienna 1996, chapter 3.3.4, pages 161-164. 
DE-A 29 40 861 discloses mixture of linear three-block 

copolymers S-B-S With different constitution and molar 
masses. The mixture is obtained via sequential anionic poly 
meriZation using double, joint feed of initiator and styrene. 
The ratio of the amount of the initiator in the ?rst stage to that 
in the second stage is in the range from 1:2 to 1:7, and this 
means that the block copolymer having the relatively short 
styrene block is markedly predominant. While the transition 
betWeen the ?rst styrene block and the butadiene-containing 
block is sharp, the butadiene-containing block has a gradual 
transition into the second styrene block. 

U.S. Pat. No. 5,227,419 describes mixtures of block 
copolymers Whose butadiene-containing blocks have a sty 
rene gradient. The amount of block copolymer having the 
relatively high styrene block content is likeWise subordinate 
in the mixture. 
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2 
HoWever, in mixtures With polystyrene, for comparable 

toughness, the block copolymers described lead to a drastic 
reduction in stiffness compared With that of polystyrene. Heat 
resistance is also loWered markedly. 
WO 03/046075 describes transparent mixtures composed 

of linear three-block copolymers having terminal styrene 
blocks and polystyrene. The mixtures can be obtained via 
double initiation. 
WO 00/58380 describes, inter alia, linear block copoly 

mers With improved toughness e?iciency, having a copoly 
mer block composed of styrene and butadiene With random 
distribution. HoWever, the mixtures mentioned can, under 
certain processing conditions, eg With excessive residence 
times at 2000 C. Without shear, separate and thus cause haZe. 

It Was an object of the invention to eliminate the disadvan 
tages described and to provide transparent mixtures of sty 
rene-butadiene block copolymers Which, in blends With poly 
styrene, have high toughness and good transparency, even for 
relatively high polystyrene contents. 

Accordingly, the abovementioned mixtures have been 
found. 
The (l)/(ll) ratio of the block copolymers is in the range 

from 0.5 to 10, preferably in the range from 1 to 5, particularly 
preferably in the range from 2 to 3. 

Examples of vinylaromatic monomers Which may be used 
are styrene, alpha-methylstyrene, ring-alkylated styrenes, 
such as p-methylstyrene or tert-butyl styrene, or 1 ,1 -diphenyl 
ethylene, or a mixture thereof. 

Preferred dienes are butadiene, isoprene, 2,3-dimethylb 
utadiene, 1,3-pentadiene, 1,3-hexadiene or piperylene, or a 
mixture of these; butadiene and isoprene are particularly pre 
ferred. 

Particularly preferred block copolymers are formed from 
the monomers styrene and butadiene. 
The blocks B1 and B2 may be composed exclusively of 

dienes or may be composed of dienes and of vinylaromatic 
monomers. The vinylaromatic monomer/diene ratio for the 
blocks B 1 and B2 is generally in the range from 0 to 2, and the 
vinylaromatic monomer/diene ratios in the blocks B1 and B2 
here can be identical or different. The blocks B l and B2 are 
preferably homopolydiene blocks, in particular homopolyb 
utadiene blocks, or copolymer blocks Whose vinylaromatic 
monomer/diene ratio is in the range from 0.3 to 1.5. The 
copolymer blocks particularly preferably have random distri 
bution of the diene monomers and vinylaromatic monomers. 

The transitions betWeen the individual blocks are sharp, 
and this means that the constitution changes abruptly. 
The number-average molar masses Mn of S1 are in the 

range from 40 000 to 100 000 g/mol, preferably in the range 
from 60 000 to 85 000 g/mol, particularly preferably in the 
range from 70 000 to 80 000 g/mol. The number-average 
molar masses Mn of each of S2 and S3, each independently of 
the other, are in the range from 5000 to 20 000 g/mol, pref 
erably in the range from 8000 to 17 000 g/mol, particularly 
preferably in the range from 11 000 to 14 000 g/mol. The 
number-average molar mass Mn of each of the blocks B 1 and 
B2 composed of dienes, or copolymer blocks composed of 
dienes and of vinylaromatic monomers, each independently 
of the other, are in the range from 15 000 to 100 000 g/mol, 
preferably in the range from 50 000 to 75 000 g/mol, particu 
larly preferably in the range from 60 000 to 70 000 g/mol. 
The block copolymers (1) preferably have an asymmetrical 

structure, and this means that the blocks S1 and S2 have 
different number-average molar masses M”, the 81:82 num 
ber-average molar masses ratio preferably being at least 2, 
preferably in the range from 5 to 8. 
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A method of preparing the inventive mixtures comprises 
preparing each of the block copolymers (I) and (II) via 
sequential anionic polymerization of vinylaromatic mono 
mers and of dienes using organic compounds of alkali metals 
as initiators, in succession or in different reactors, and then 
blending them in a (I)/ (II) ratio in the range from 0.5 to 10. 
By Way of example, preferred inventive block copolymers 

may be formed via sequential anionic polymerization, and at 
least the polymerization of the soft blocks (B/S) here takes 
place in the presence of a randomizer. The presence of ran 
domizers brings about random distribution of the dienes and 
of the vinylaromatic units in the soft block (B/S). Suitable 
randomizers are donor solvents, such as ethers, for example 
tetrahydrofuran, or tertiary amines, or soluble potassium 
salts. In the case of tetrahydrofuran, ideal random distribution 
requires amounts Which are generally above 0.25 percent by 
volume, based on the solvent. At loW concentrations, the 
result is What are knoWn as tapered blocks having a gradient 
in the constitution of the comonomers. 

The stated relatively high amounts of tetrahydrofuran 
simultaneously increase the relative proportion of 1,2-link 
ages of the diene units to from about 30 to 35%. 

In contrast, use of potassium salts increases the 1,2-vinyl 
content in the soft blocks only insubstantially. The resultant 
block copolymers are therefore less susceptible to crosslink 
ing and have a loWer glass transition temperature at the same 
butadiene content. 

The amount of the potassium salt used, based on the 
anionic polymerization initiator, is generally substoichiomet 
ric. The molar ratio selected of anionic polymerization initia 
tor to potassium salt is preferably in the range from 10:1 to 
100: 1, particularly preferably in the range from 30:1 to 70: 1. 
The potassium salt used should generally be soluble in the 
reaction medium. Examples of suitable potassium salts are 
potassium alcoholates, in particular a potassium alcoholate of 
a tertiary alcohol having at least 5 carbon atoms. It is particu 
larly preferable to use potassium 2,2-dimethyl-1-propano 
late, potassium 2-methylbutanolate (potassium tert-amyl 
alcoholate), potassium 2,3-dimethyl-3-pentanolate, potas 
sium 2-methylhexanolate, potassium 3,7-dimethyl-3 -octano 
late (potassium tetrahydrolinaloolate) or potassium 3-ethyl 
3-pentanolate. By Way of example, the potassium alcoholates 
are obtainable via reaction of elemental potassium, potas 
sium/sodium alloy, or potassium alkoxides With the corre 
sponding alcohols in an inert solvent. 

It is advantageous to delay addition of the potassium salt 
until the anionic polymerization initiator has been added to 
the reaction mixture. This method can avoid hydrolysis of the 
potassium salt via traces of protic contaminants. It is particu 
larly preferable to add the potassium salt shortly prior to the 
polymerization of the random soft block B/ S. 

The anionic polymerization initiator used may be the con 
ventional monofunctional alkyl, aryl, or aralkyl compounds 
of alkali metals. It is advantageous to use organolithium com 
pounds, such as ethyl-, propyl-, isopropyl-, n-butyl-, sec 
butyl-, tert-butyl-, phenyl-, diphenylhexyl-, butadienyl-, iso 
prenyl-, polystyryllithium. The amount needed of 
polymerization initiator depends on the desired molecular 
Weight. It is generally in the range from 0.001 to 5 mol %, 
based on the total amount of monomer. 

The polymerization may be undertaken in the presence of 
a solvent. Solvents suitable for the anionic polymerization 
process are the conventional aliphatic, cycloaliphatic, or aro 
matic hydrocarbons having from 4 to 12 carbon atoms, e.g. 
pentane, hexane, heptane, cyclohexane, methylcyclohexane, 
isooctane, benzene, alkylbenzenes, such as toluene, xylene, 
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4 
ethylbenzene, or decalin, or suitable mixtures. It is preferable 
to use cyclohexane and methylcyclohexane. 
The polymerization process may also be carried out With 

out solvent in the presence of metal organyl compounds 
Which reduce polymerization rate, e.g. alkyl compounds of 
magnesium, of aluminum, or of zinc. 
Once the polymerization process has ended, the living 

polymer chains can be capped by a chain terminator. Suitable 
chain terminators are protic substances or LeWis acids, eg 
Water, alcohols, aliphatic or aromatic carboxylic acids, or else 
inorganic acids, such as carbonic acid or boric acid. 
The blending of the block copolymers can take place at any 

desired time after the polymerization process has ended, e.g. 
prior to or after termination, devolatilization, or other treat 
ment steps. The chronologically or spatially separate prepa 
ration of the block copolymers (I) and (II) has the advantage 
that the number-average molar masses Mn of the individual 
blocks S and B can be freely selected. 

In an alternate process, the block copolymers (I) and (II) 
can be prepared via sequentional anionic polymerization of 
vinylaromatic monomers and of dienes using organic com 
pounds of alkali metals as initiators simultaneously in one 
reactor via double initiation. In a ?rst stage, joint feed of 
initiator I l and of vinylaromatic monomers takes place, and in 
a second stage, after complete conversion of the vinylaro 
matic monomers of the ?rst stage, joint feed of initiator I2 and 
of dienes or of dienes and of vinylaromatic monomers takes 
place. The ratio of the amount of initiator I l of the ?rst feed to 
the amount of initiator I2 of the second feed is selected in the 
range from 0.5 to 10. After each feed, polymerization is 
continued until conversion of the monomers is complete. The 
mixtures obtained by this process have, respectively, identical 
number-average molar masses Mn for the blocks S2 and S3, 
and identical number-average molar masses Mn for the blocks 
B 1 and B2. Table 1 gives the successive feeds and the polymer 
species formed: 

TABLE 1 

Feed sequence for double initiator feed 

Stage Monomers, initiator Species formed 

1 Initiator (I 1) and vinylaromatic S liIl 
monomer 

2 Initiator (I2) and diene or diene S liBliIl 
and vinylaromatic monomer BZiIZ 

3 Vinylaromatic monomer S IiBIiSZiII 

4 Terminator reagent, e.g. S liBliS2 
isopropanol B2iS3 

If a mixture composed of diene/vinylaromatic monomer is 
used in stage 2, random distribution of the vinylaromatic 
monomers and dienes in blocks B 1 and B2 can be achieved via 
addition of LeWis bases, such as tetrahydrofuran, or of potas 
sium salts, such as potassium tetrahydrolinaloolate. 

Repeated feed of dienes or of dienes and of vinylaromatic 
monomers betWeen stage 2 and 3 Without fresh feed of ini 
tiator can form blocks B 1 and B2 Which are composed of tWo 
or more sub blocks. A particularly preferred method is to use 
in stage 2 a mixture of dienes and of vinylaromatic monomers 
and, after complete conversion, again to feed a mixture of 
dienes and vinylaromatic monomers With different vinylaro 
matic monomer/diene ratio, and polymerize the mixture. This 
method gives blocks B 1 and B2 each of Which is composed of 
tWo copolymer blocks (B/S)a and (B/S)b, Where the vinylaro 
matic monomer/diene ratio in the block (B/S)a is in the range 
from 1 to 1.5 and in the block (B/S)b is in the range from 0.3 
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to 1. After stages 3 and 4, the product is therefore the struc 
tures (I) Sl-(B/S)a-(B/S)b-S2 and (II) (B/S)a-(B/S)b-S3. 

The inventive mixture comprises block copolymers having 
one and tWo terminal blocks S composed of vinylaromatic 
polymers. In order to inhibit separation of the block copoly 
mers and impairment of the transparency of the mixture, the 
amount of the second initiator feed I2 should be smaller than 
that of the ?rst initiator feed I1. The division of the initiator 
brings about better compatibility of the inventive mixture 
With standard polystyrene using an average MW in the range 
from 180 000 to 350 00 g/mol. The initiator ratio I1/I2 is 
preferably in the range from 0.5/1 to 10/ 1, particularly pref 
erably in the range from 2/1 to 3/ 1. 

The inventive mixtures composed of the linear block 
copolymers (I) and (II) can be blended Widely With thermo 
plastic polymers. Preferred mixtures comprise from 5 to 95 
percent by Weight of the linear block copolymers (I) and (II), 
and from 95 to 5 percent by Weight of standard polystyrene 
(GPPS) or impact-resistant polystyrene (HIPS). Mixtures of 
this type can be prepared via compounding during the devola 
tilization of the block copolymers, for example via addition of 
polystyrene in the form of “cold feed” in a vented extruder. 
The joint treatment process gives homogeneous ternary mix 
tures Which can easily be used by the processor directly in 
non-mixing injection-molding machines. As an alternative, 
hoWever, mixtures of pellets can be processed directly in 
kneaders, extruders, or mixing injection-molding machines, 
directly to give ternary mixtures. In ?lm production, the 
blending process generally takes place directly in the com 
pounding extruder. 

The mixtures feature high toughness together With high 
stiffness. By Way of example, this is seen in relatively high 
tensile strain at break at the same modulus of elasticity, When 
comparison is made With conventional styrene/butadiene 
block copolymer mixtures With polystyrenes. They are there 
fore suitable especially for injection molding and permit 
material-saving designbecause their toughness/ stiffness ratio 
is good. The mixtures can be processed to give tough mold 
ings, such as transparent clothes hangers, Which have very 
good dimensional stability even at relatively high tempera 
tures. 

Preference is likeWise given to applications in extrusion, 
for example for production of thermoforming ?lms, Which 
can then be thermoformed to give cups, lids, lunch boxes, and 
other containers. The high toughness/ stiffness ratio makes it 
possible to use relatively thin ?lms here While retaining 
strength, the result being a signi?cant saving in material. 
The inventive block copolymer mixtures can be modi?ed 

via partial or complete hydrogenation. The degree of hydro 
genation of the ole?nic double bonds is generally 97% and 
higher, and the degree of hydrogenation of the vinylaromatic 
monomers is preferably at least 90%, particularly preferably 
at least 95%, in particular 98%. 

The proportion of the copolymerized diene units present in 
the 1,2-vinyl form can be regulated via addition of substances 
With donor properties, eg ethers or amines. 

For this purpose preference is given to tetrahydrofuran, 
dimethoxyethane, or 2-alkyl furfuryl ethers in amounts of 
from 0.1 to 1% by volume, in particular from 0.25 to 0.5% by 
volume, based on the hydrocarbon used as solvent, e.g. cyclo 
hexane. 

Sub sequent to the preparation of the block copolymer, the 
unsaturated bonds of the diene units, and also of the vinylaro 
matic units of the block copolymer, are hydrogenated using a 
hydrogenation catalyst. It is preferable to use supported 
hydrogenation catalysts. Examples of suitable support mate 
rials are inorganic substrates, such as barium sulfate, silicates, 
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6 
carbon, or aluminum oxides. Examples of suitable hydroge 
nation metals are nickel, cobalt, rhodium, ruthenium, palla 
dium, platinum, or other metals of group 8. 
The hydrogenation process preferably takes place in a satu 

rated hydrocarbon as solvent, in Which the block copolymer is 
soluble. Cycloaliphatic hydrocarbons are preferred, in par 
ticular cyclohexane. The solvent used is usefully the same as 
that used during the polymerization process, so that the 
hydrogenation can take place in a single process step subse 
quent to the polymerization process. The hydrogenation pro 
cess can take place batchWise or continuously, and preference 
is given to continuous hydrogenation on a ?xed-bed catalyst. 
The hydrogenation process generally takes place at tem 

peratures in the range from 40° C. to 250° C., particularly 
preferably in the range from 1200 C. to 180° C. The hydro 
genation process can be carried out at from atmospheric pres 
sure to 350 bar, preferably in the range from 100 to 250 bar. 

INVENTIVE EXAMPLES 

Modulus of elasticity, tensile strength, and tensile strain at 
break Were determined to ISO 527 on stamped-out standard 
tensile specimens from pressed 1 mm sheets. (Press condi 
tions: 200° C., 5 min). 
The transmittance measurements took place in the range 

from 400 to 700 nm on pressed disks of thickness 4 mm. 

(Press conditions: 200° C., 5 min). 

Inventive Examples 1-3 

The block copolymer mixtures Were prepared as stated in 
table 2 via sequential anionic polymerization using double 
initiator feed (sec-butyllithium BuLi) in stage 1 or 2 at solids 
contents of about 30% by Weight in cyclohexane at tempera 
tures in the range from 50 to 80° C. Once the polymerization 
process had ended, isopropanol Was used for termination and 
the mixture Was acidi?ed With COZ/Water. The polymeriza 
tiom process Was carried out in the presence of potassium 
tert-amyl alcoholate (PTA) at a molar lithium/potassium ratio 
of 38/ 1, in order to obtain a random S/ B copolymerblock. The 
block copolymers Were freed from solvent in a 16 mm vented 
extruder. 
The resultant block copolymer mixtures comprise block 

copolymer having random copolymer blocks of the structure 
(I) S 1 -(B/ S)a-(B/ S) b-S2 Whose number-average molar mass is 
about 150 000 g/mol, and of the structure (II) (B/S)a-(B/S)b 
S3 Whose number-average molar mass is about 75 000 g/mol, 
in a (I)/ (II) molar ratio corresponding to the initiator ratio 
11 1,. 

TABLE 2 

Inventive Inventive Inventive 
Stage Feed example 1 example 2 example 3 

1 sec-BuLi [mol] 27.812 25.65 27.81 
Styrene [kg] 2050 1950 2170.4 
PTA [mol] 1.012 1.012 1.012 

2a sec-BuLi [mol] 10.656 12.82 10.66 
Butadiene/styrene [kg] 565/785 565/785 5198/7523 

2b Butadiene/styrene [kg] 685/415 685/415 630.2/397.7 
3 Styrene 500 600 529.6 

11/12 2.6/1 2/1 2.6/1 

Inventive Examples 1A to 3C 

Each of the block copolymer mixtures of inventive 
examples 1 to 3 Was mixed With 60% by Weight (A), 50% by 
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Weight (B), and 40% by Weight (C) of polystyrene Whose 
average molecular Weight Mn is about 270 000 (PS 158 K 
from BASF Aktiengesellschaft), at 2000 C. in a 19 mm tWin 
screW extruder. The mechanical and optical properties of the 
blends are given in table 3. 

Comparative Experiments Ac, Bc and Cc 

By analogy With inventive examples 1A to 3C, a linear 
styrene-butadiene block copolymer of the structure S 1 
(B/S)l-(B/S)2-S2 having random (B/ S) blocks Was prepared 
in accordance With example 3 of WO 00/58380, and mixed 
With 60% by Weight (A), 50% by Weight (B) and 40% (C) of 
PS 158 polystyrene at 2000 C. in a 19 mm tWin-screW 
extruder. 

TABLE 3 

8 
4. The mixture according to claim 1, Wherein each of the 

blocks B l and B2 is one or more copolymer blocks composed 
of dienes and of vinylaromatic monomers With random dis 
tribution. 

5. The mixture according to claim 1, Wherein the number 
average molar masses Mn of 

S 1 are in the range from 60 000 to 85 000 g/mol, 

of each of S2 and S3 are in the range from 8000 to 17 000 
g/mol, 

and of each of B1 and B2 are in the range from 50 000 to 75 
000 g/mol. 

6. The mixture according to claim 1, Wherein each of the 
blocks B 1 and B2 is composed of tWo copolymer blocks com 

Properties of blends of inventive examples 1-3 using PS 158 K polystyrene 

Modulus of Stress Strain 

elasticity FS Fmax. PR PS Fmax. FR Transparency Haze 

Example [N/mm2] [N/mm2] [N/mm2] [N/mm2] [%] [%] [%] [%] [%] YI 

1A 595 i 24.9 24.8 4 252.3 253 70.7 8.7 29.8 

1B 927 22.8 23.1 22.2 13.9 78.3 129.2 65.7 13 36 

1C 913 23 24.7 23.9 6.1 64.8 93.2 65 12.7 37.4 

2A 715 i 25 24.9 4 259.9 260.2 68.1 16.9 31 

2B 717 18.3 23.6 23.5 11 190.2 200.9 62.1 20.7 37.1 

2C 858 20.7 24.7 23.5 5.8 94.7 137.1 63.3 19 36.2 

3A 745 i 23.7 23.6 4 230.3 231.7 69.2 11.3 29.8 

3B 866 20 22.7 22.3 10.6 114.7 145 66.9 13.2 32.7 

3C 1242 25.1 25.1 23.4 4.7 4.8 71.4 65.3 13.4 33.9 
Ac 1092 i 27.5 26.9 4 239.6 242.5 45.0 75.7 17.7 

Be 1192 21.4 28.5 28.1 6.8 171 187.8 44.6 86.2 15.2 

Cc 1368 26.5 29.9 28.4 3.0 76.6 101.7 45.3 76.2 16.1 

FS = yield stress 

Fmax = maximum stress 

FR = stress for tensile strain at break 

Y1 = yelloWness index 

We claim: 

1. A mixture comprising linear block copolymers com 
posed of vinylaromatic monomers and dienes of the structure 

(I) Sl-Bl-S2 and 
(H) B2-S3, Where 
S 1 is a block composed of vinylaromatic monomers Whose 

number-average molar mass Mn is in the range from 40 
000 to 100 000 g/mol, 

each of S2 and S3 is a block composed of vinylaromatic 
monomers Whose number-average molar mass Mn is in 
the range from 5000 to 20 000 g/mol, 

each of B 1 and B2 is one or more blocks composed of dienes 
or is copolymer blocks composed of dienes and of viny 
laromatic monomers Who se number-average molar 
mass Mn is in the range from 15 000 to 100 000 g/mol, 
and 

the molar ratio of the block copolymers (l)/(ll) is in the 
range from 0.5 to 10. 

2. The mixture according to claim 1, Wherein the (l)/(ll) 
ratio of the block copolymers is in the range from 2 to 3. 

3. The mixture as claimed in claim 1, Wherein the vinylaro 
matic monomer/diene ratio in the blocks B1 and B2 is in the 
range from 0.3 to 1.5. 

45 

50 

55 

60 

65 

posed of dienes and of vinylaromatic monomers, Where the 
vinylaromatic monomer/diene ratio in the ?rst block is in the 
range from 1 to 1.5 and in the second block is in the range 
from 0.3 to 1. 

7. The mixture according to claim 1, Wherein, respectively, 
the number-average molar masses Mn of S2 and S3 and the 
number-average molar masses of B 1 and B2 have the same 
value. 

8. The mixture according to claim 1, Which comprises from 
5 to 95 percent by Weight of the linear block copolymers (l) 
and (II), and from 95 to 5 percent by Weight of standard 
polystyrene or impact-resistant polystyrene. 

9. A modi?ed mixture obtainable via partial or complete 
hydrogenation of the mixtures according to claim 1. 

10. The mixture according to claim 9, Wherein the degree 
of hydrogenation of ole?nic double bonds is at least 97% and 
the degree of hydrogenation of the vinylaromatic monomer 
units is at least 90%. 

11. The mixture according to claim 8, Wherein more than 
30%, based on the entirety of the diene units, of the copoly 
meriZed diene units are present in the 1,2-vinyl form. 

12. A process for preparation of a mixture according to 
claim 1, Which comprises preparing each of the block copoly 
mers (l) and (H) chronologically and/or spatially separate via 
sequential anionic polymerization of vinylaromatic mono 
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mers and of dienes using organic compounds of alkali metals 
as initiators, and then blending them in a (l)/(ll) molar ratio in 
the range from 0.5 to 10. 

13. A process for preparation of a mixture according to 
claim 7, Which comprises preparing the block copolymers (I) 
and (H) Via sequential anionic polymerization of Vinylaro 
matic monomers and of dienes using organic compounds of 
alkali metals as initiators simultaneously in a reactor Via 
double initiation, comprising the joint feed of initiator l l and 
of Vinylaromatic monomers in a ?rst stage, and joint feed of 
initiator l2 and of dienes or of dienes and of Vinylaromatic 
monomers in a second stage, Where the molar ratio of the 
amount of initiator l 1 of the ?rst feed to the amount of initiator 
12 of the second feed is in the range from 0.5 to 10. 

14. The mixture as claimed in claim 2, Wherein the Viny 
laromatic monomer/diene Weight ratio in the blocks B1 and 
B2 is in the range from 0.3 to 1.5. 

15. The mixture according to claim 2, Wherein each of the 
blocks B 1 and B2 is one or more copolymer blocks composed 
of dienes and of Vinylaromatic monomers With random dis 
tribution. 

16. The mixture according to claim 3, Wherein each of the 
blocks B l and B2 is one or more copolymer blocks composed 
of dienes and of Vinylaromatic monomers With random dis 
tribution. 

17. The mixture according to claim 2, Wherein the number 
average molar masses Mn of 
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S 1 are in the range from 60 000 to 85 000 g/mol, 
of each of S2 and S3 are in the range from 8000 to 17 000 

g/mol, 
and of each of B1 and B2 are in the range from 50 000 to 75 

000 g/mol. 
18. The mixture according to claim 3, Wherein the number 

average molar masses Mn of 
S 1 are in the range from 60 000 to 85 000 g/mol, 
of each of S2 and S3 are in the range from 8000 to 17 000 

g/mol, 
and of each of B1 and B2 are in the range from 50 000 to 75 

000 g/mol. 
19. The mixture according to claim 4, Wherein the number 

average molar masses Mn of 
S 1 are in the range from 60 000 to 85 000 g/mol, 
of each of S2 and S3 are in the range from 8000 to 17 000 

g/mol, 
and of each of B1 and B2 are in the range from 50 000 to 75 

000 g/mol. 
20. The mixture according to claim 2, Wherein each of the 

blocks B l and B2 is composed of tWo copolymer blocks com 
posed of dienes and of Vinylaromatic monomers, Where the 
Vinylaromatic monomer/diene ratio in the ?rst block is in the 
range from 1 to 1.5 and in the second block is in the range 
from 0.3 to l. 


